It becomes a key technology to measure the concentration of the vehicle exhaust components with the absorption spectra. But because of the overlap of gas absorption bands, how to separate the absorption information of each component gas from the mixed absorption spectra has become the key point to restrict the precision of the optical detection method. In this paper, the experimental platform for the absorption spectrum of vehicle exhaust components has been established. Based on the ultraviolet absorption spectra measured with the platform of exhaust gas NO & NO 2 , the concentration regression model for the two components has been established with weighted partial least squares regression (WPLS). Finally the each spectral characteristic information of NO & NO 2 gas has been separated and the concentration of each corresponding component has been reversed successfully.
Introduction
Nowadays the vehicle exhaust emissions have become one of the most important factors that affect the environmental air quality in our country. Therefore, it is urgent to strengthen the monitoring of vehicle exhaust emissions [1] .
It becomes a key technology to measure the concentration of the vehicle exhaust components with the absorption spectra. But because of the overlap of gas absorption bands, how to separate the absorption information of each component gas from the mixed absorption spectra has become the key point to restrict the precision of the optical detection method [2] [3] . In this paper, based on the measured ultraviolet absorption spectra of exhaust gas NO & NO 2 , the concentration regression models for the two components has been established with weighted partial least squares regression (WPLS). Finally the each spectral characteristic information of NO & NO 2 gas has been separated and the concentration of each corresponding component has been reversed successfully.
Weighted Partial Least Squares Regression: PLS

Partial Least Squares Regression
The partial least squares regression is multivariate statistical analysis method which is widely used. It focuses on multivariate regression modeling of multiple variables. The technology for synthesis and screening of information is used in PLS modeling process, combined with the functions of multivariate linear regression analysis, typical correlation analysis and principal component analysis [4] [5] . Then the modeling method of partial least squares regression using in the spectral analysis is introduced.
The spectral response matrix Y and its corresponding gas concentration matrix X are simultaneously decomposed into principal components, and new synthetic variables are obtained as follows: 
U T B = ×
The regression coefficient matrix B is as follows, which is also called the cor-
Therefore, the main steps of PLS include the principal component decomposition for the variable matrix Y and the corresponding independent variable matrix X, and the calculation of the correlation matrix B.
Weighted Partial Least Squares (WPLS)
Although the PLS method has more advantages than the traditional multivariate
regression method, there is still low efficiency when analyzing the absorption spectra of multi-component gas, and the accuracy of the regression results is affected by the noise and sample distribution [6] . In order to improve the prediction accuracy, it is necessary to assign different weights to the samples in calibration sets. By analyzing the error and recovery rate of the calibration sets, the partial least squares (PLS) method can be further improved to into the error weighted partial least squares (EWPLS) and the variance weighted partial least squares (VWPLS) [7] .
Assume that Y c Є R M*K is the concentration matrix of the calibration set calculated by the PLS method, then the error of the recovery rate can be obtained as the following
where"./"represents the division between the corresponding elements of matrices. E c Є R M*K represents the recovery rate errors of K organic matters in M calibration samples. If {r 1 , r 2 , …, r M } is composed of the maximum error of the recovery rate of every row in E c , the Gauss weight corresponding to the maximum error of the recovery rate is set as follows.
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where α is the step adjustment parameter and 
where β is the step adjustment parameter and
is the variance weight vector of the recovery rate. Then the fluorescence intensity matrix and the concentration matrix can be updated by the weight vector. 
NO and NO2 Feature Extraction and Concentration Inversion Experiments Based on WPLS
The UV absorption cross-sections of NO and NO 2 gas within the 180 nm -400 nm band are shown in Figure 1 . It shows a single peak absorption phenomenon of NO gas, which has a strong absorption peak at 205 nm, 215 nm and 225 nm. 
Acquisition of NO & NO2 Absorption Spectra from the Vehicle Exhaust
As shown in Figure 2 , the experimental platform for absorption spectra acquisition of NO X from the vehicle exhaust has been built. It's composed of a gas distribution unit and a measuring unit. The gas distribution unit can mix two gases of different concentrations with a precision of 1%. And the measuring unit consists of a flashing xenon lamp, an ultraviolet spectrometer, a sample gas chamber and a data processing terminal and so on, which can measure the ultraviolet spectrum data of the sample gas effectively at a certain temperature and pressure.
In order to avoid multicollinearity, the orthogonal principle is followed in the sample concentration design for NO & NO 2 . Samples of different concentration are designed as shown in Table 1 . 
Experiments and Result Analysis
Here, the concentration inversion of NO and NO 2 components from the vehicle exhaust with ultraviolet absorption spectrum based on WPLS is actually a partial least squares regression problem with three independent variables and two dependent variables, as shown in Table 2 As seen from the above experimental results, using either the spectra of the individual components of NO or NO2 or mixed spectra of the two components or even all the individual and mixed spectra for the regression modeling and concentration inversion based on WPLS, the experimental results are all excellent.
The approximation between the inversion results and real sample concentration are all above 99.4%, of which the highest can reach 99.97%. So it can be concluded that with WPLS algorithm the components' characteristics of the mixed spectral in which there're overlapped absorption with NO & NO 2 can be separated, and then each concentration of the samples can be inversed accurately.
In this experiment, it's not considered that the modeling optimization [6] , the inversion band and spectral data denoising [8] . The spectral data used here in WPLS are the direct output of the spectrometer, of which the band is the whole detecting range of the spectrometer (its wavelength range: 198 -438 nm, a total of 3648 sampling points). Meanwhile in the whole mixed spectra, there're not overlapped absorption at all sampling points, and there are also many places with zero absorbance, which will affect the accuracy of WPLS modeling.
Conclusion
Be aimed at the interference caused by spectral overlap absorption in the vehicle exhaust gas concentration detection with spectra method, the experimental 
